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DESCRIPTION 

GAS VANE PUMP, AND METHOD OF OPERATING THE PUMP 
TECHNICAL FIELD 

[000 1] The present invention relates in general to a gas 

vane pump of a type in which a lubricant is intermittently 
introduced into a housing as a rotor is rotated, and a method of 
operating the gas vane pump. More particularly, this invention 
is concerned with techniques for reducing a load which acts on a 
vane and other elements of the vane pump due to the lubricant 
remaining within the housing when a rotary motion of the rotor 
once stopped is resumed. 

BACKGROUND ART 

[0002] A vane pump is known as one of gas pumps such as 

a vacuum pump and a compressor, which are arranged to suck 
and deliver a gas. The vane pump includes a housing, a rotor 
and at least one vane, which cooperate to define a plurality of 
variable -volume chambers. The volume of each variable -volume 
chamber is increased and decreased during rotation of the rotor, 
to thereby suck and deliver the gas. The gas vane pump may be 
of an intermittent lubrication type wherein a lubricant for 
lubricating sliding portions of the housing, rotor and vane(s) is 
intermittently introduced into the housing as the rotor is rotated. 
JP-3-115792A discloses a gas vane pump equipped with a 
metering device arranged to introduce a metered amount of 
lubricant into the housing per each revolution of the rotor, for 
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preventing an excessively large amount of supply of the lubricant 
into the housing. This metering device also functions to prevent 
an unnecessary supply of the lubricant into the housing after 
termination of the rotary motion of the rotor. 

DISCLOSURE OF THE INVENTION 

[0003] However, the provision of the metering device 

indicated above undesirably increases structural complexity of 
the gas vane pump of the intermittent lubrication type, and 
results in an increase in the cost of manufacture of the gas vane 
pump. It is therefore an object of the present invention to 
minimize a load which acts on at least one vane and other 
elements of the gas vane pump due to a lubricant remaining 
within the housing when a rotary motion of the rotor once 
stopped is resumed. 

[0004] The first object indicated above may be achieved 

according to a first aspect of this invention, which provides a 
method of operating a gas vane pump including (a) a housing, 
(b) a rotor rotatably disposed within the housing and 
cooperating with the housing to define a pump chamber 
having a dimension in a radial direction of the rotor, which 
dimension varies in a rotating direction of the rotor, (c) at 
least one vane held by the rotor movably relative to the rotor 
and dividing the pump chamber into a plurality of 
variable -volume chambers, and (d) a lubricant supply 
passage formed through the housing and the rotor, the 
lubricant supply passage being closed when the rotor is 
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placed at an angular position relative to the housing, which 
angular position is outside a predetermined angular range, 
and opened for communication with an external lubricant 
supply source when the rotor is placed at an angular 
position within the predetermined angular range, the 
method being characterized in that the vane pump is 
operated so as to satisfy a condition that when the rotor is 
stopped at an angular position relative to the housing, which 
angular position is within the predetermined angular range, 
a mass of a lubricant remaining in a lowest portion of the 
pump chamber is divided into a first portion and a second 
portion, by an initial divider vane which is provided by one of 
the plurality of vanes. 

[0005] In the method of operating the gas vane pump 

according to the present invention, the lubricant supply passage 
is closed when the rotor is stopped at an angular position outside 
the predetermined angular range. Accordingly, the lubricant 
supply passage prevents an excessively large amount of supply of 
the lubricant into the housing when the rotor is stopped at the 
angular position outside the predetermined angular range. 
When the rotor is stopped at an angular position within the 
predetermined angular range, that is, when the vane pump is 
turned off with the lubricant supply passage being in the open 
state, the amount of supply of the lubricant into the housing is 
almost the same as in the known vane pump. Where the gas 
vane pump is used as a vacuum pump, the interior space (pump 
chamber) of the housing is kept at a reduced or negative pressure 
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when the rotor is kept at rest, so that the lubricant is drawn or 
sucked into the housing due to the reduced pressure. Where the 
gas vane pump is used as a compressor, the variable -volume 
chamber on the suction side may be kept at a reduced pressure 
while the compressor is at rest. In this case, too, the lubricant is 
introduced into the housing when the compressor is turned off. 
Where a pressurized lubricant delivered from an external 
lubricant supply source is introduced into the housing, the 
pressurized lubricant is introduced into the housing upon 
stopping of the gas vane pump, irrespective of whether the vane 
pump is used as the vacuum pump or the compressor. 
[0006] The lubricant mass introduced into the housing is 

accommodated in the lowest portion of the pump chamber, due to 
the gravity, as in the known vane pump. In the present method, 
the lubricant mass remaining in the lowest portion of the pump 
chamber is divided into the first and second portions by the 
initial divider vane located at a position adjacent to the lowest 
point of the pump chamber, when the angular position at which 
the rotor is stopped is within the predetermined angular range 
relative to the housing. When the rotation of the rotor is 
subsequently resumed, the first portion of the lubricant mass is 
discharged by the initial divider vane, and then the second 
portion of the lubricant mass is discharged by a subsequent vane 
which follows the initial divider vane. 

[0007] It will be understood that whether the lubricant 

mass remaining in the lowest portion of the pump chamber 
within the housing is divided by the first and second portions by 
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the initial divider vane located adjacent to the lowest point of the 
pump chamber depends largely upon the position at which the 
initial divider vane is stopped. Where the point of contact of the 
initial divider vane with the inner circumferential surface of the 
housing is located at the lowest point of the pump chamber (of 
the inner circumferential surface), for example, the lubricant 
mass is theoretically divided by the initial divider vane into two 
portions having substantially the same volume, irrespective of 
the volume of the lubricant mass. Described more precisely, 
these two portions have substantially the same volume, if an 
inclination of the initial divider vane with respect to the vertical 
and asymmetry of the shape of the pump chamber with respect to 
a vertical plane passing the lowest point of the pump chamber 
are ignored. Described in a simple way, therefore it is desirable 
that the point of contact between the initial divider vane and the 
inner circumferential surface of the housing be located at the 
lowest point of the pump chamber when the angular position at 
which the rotor is stopped is in the middle of the predetermined 
angular range. 

[0008] Actually, however, a certain amount of the first 

portion of the lubricant mass adheres to the inner 
circumferential surface of the housing and the side surfaces of 
the vane(s) as the first portion is transferred by the initial 
divider vane from the lowest portion of the pump chamber to a 
discharging portion of the housing. During an operation of the 
gas vane pump, the above -indicated inner circumferential surface 
and side surfaces are covered by films of the lubricant. Where 
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the vane pump is kept at rest for a relatively long time, the 
lubricant which adhered to the above-indicated surfaces during 
the operation of the vane pump flows down into the lowest 
portion of the pump chamber, and those surfaces are 
substantially dry, with substantially no amount of the lubricant 
covering those surfaces. Accordingly, the first portion of the 
lubricant tends to easily adhere to those surfaces while the first 
portion is moved by the initial divider vane from the lowest 
portion to the discharging portion of the housing. When the 
second portion of the lubricant mass is discharged, on the other 
hand the above-indicated surfaces have already been covered 
with the films of the lubricant, so that an almost entire amount 
of the second portion is discharged. In this respect, the volume 
of the first portion is preferably made slightly larger than that of 
the second portion. 

[0009] It is also noted that the rotating speed of the rotor 

immediately after the gas vane pump is started is generally 
lower than that during a subsequent operation of the gas vane 
pump in a steady state, although the initial rotating speed varies 
depending upon the type of the drive device of the vane pump. 
Accordingly, the rate of discharge flow of the first portion of the 
lubricant mass is lower than that of the second portion, so that a 
load acting on the initial divider vane during discharging of the 
first portion is smaller than a load acting on the subsequent vane 
during discharging of the second portion. In this respect, too, 
the volume of the first portion is preferably made slightly larger 
than that of the second portion. Thus, it is not actually 
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desirable to divide the lubricant mass into two portions having 
substantially the same volume. 

[0010] In the present method of operation of the gas vane 

pump, the load acting on the vane is made smaller owing to the 
separate discharging operations of the first and second portions 
of the lubricant mass which take place sequentially at the 
respective different times than in the known gas vane pump 
wherein the entire amount of the lubricant mass remaining in 
the lowest portion of the pump chamber is discharged at one time. 
This advantage according to the present invention is obtained 
irrespective of the volumes of the first and second portions of the 
lubricant mass as compared with each other. Therefore, "a 
condition that "a mass of a lubricant remaining in a lowest 
portion of the pump chamber is divided into a first portion and a 
second portion, by an initial divider vane which is provided by 
one of the plurality of vanes" depends also on the amount of the 
lubricant mass remaining in the lowest portion of the pump 
chamber when the rotor is stopped. In other words, the 
condition indicated above includes not only the relationship 
between the predetermined angular range of the rotor and the 
position of the initial divider vane relative to the housing, but 
also the amount of the lubricant mass in the lowest portion of the 
pump chamber. 

[00 11] The object indicated above may also be achieved 

according to a second aspect of the present invention, which 
provides a gas vane pump comprising- (a) a housing, (b) a 
rotor rotatably disposed within the housing and cooperating 
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with the housing to define a pump chamber having a 
dimension in a radial direction of the rotor, which dimension 
varies in a rotating direction of the rotor, (c) at least one 
vane held by the rotor movably relative to the rotor and 
dividing the pump chamber into a plurality of 
variable -volume chambers, and (d) a lubricant supply 
passage formed through the housing and the rotor, the 
lubricant supply passage being closed when the rotor is 
placed at an angular position relative to the housing, which 
angular position is outside a predetermined angular range, 
and opened for communication with an external lubricant 
supply source when the rotor is placed at an angular 
position within the predetermined angular range, the gas 
vane pump being characterized in that a relative position 
between the lubricant supply passage in an open state 
thereof and an initial divider vane which is one of the 
plurality of vanes is determined such that a point of contact 
of the initial divider vane with an inner circumferential 
surface of the housing when the rotor is stopped at an 
angular position relative to the housing, which angular 
position is in the middle of the predetermined angular range, 
is located at a lowest point of the pump chamber or at a 
position adjacent to this lowest point. 

[0012] The "lubricant supply passage in an open state 

thereof described above is interpreted to mean the lubricant 
supply passage at the time when the cross sectional area of 
communication of the lubricant supply passage with the external 
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lubricant supply source is the largest with the rotor being placed 
at an angular position in the middle of the predetermined 
angular range. As described above with respect to the method of 
the present invention, an amount of the lubricant mass 
remaining in the lowest portion of the pump chamber within the 
housing as a result of a flow of the lubricant through the 
lubricant supply passage is larger when the angular position at 
which the rotor is stopped is within the predetermined angular 
range relative to the housing than when the angular position of 
the rotor stopped is outside the predetermined angular range. 
The lubricant mass remaining in the lowest portion of the pump 
chamber when the rotor is stopped at an angular position within 
the predetermined angular range is divided by the initial divider 
vane into two portions, which are sequentially discharged from 
the housing, at respective two different times one after the other. 
[0013] As described above, the method of operating a gas 

vane pump according to the present invention and the gas vane 
pump according to the present invention permit the lubricant 
mass remaining in the lowest portion of the pump chamber after 
stopping of the rotor with the lubricant supply passage being 
placed in its open state to be divided by the initial divider vane 
into two portions which are sequentially discharged from the 
housing one after the other. Accordingly, the loads acting on the 
initial divider vane and the subsequent vane are made smaller 
than in the case where the entire amount of the lubricant mass 
remaining in the pump chamber is discharged at one time. This 
can be achieved by simply determining the relationship between 
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the predetermined range of the angular position of the rotor in 
which the lubricant supply passage is open, and the position of 
the initial divider vane when the rotor is stopped. Accordingly, 
the principle of the present invention does not require an 
increase in the cost of manufacture of the gas vane pump. 
[0014] There will be described some modes of the present 

invention, by way of example, to manifest the principle of this 
invention. These modes of the invention include modes of the 
invention defined by the appended claims, and may include 
preferred species or forms of the claimed invention, and modes of 
the invention which are broader in scope than or different in 
inventive concept from the modes of the invention defined by the 
appended claims. The following modes of the invention are 
numbered like the appended claims, and each of those modes of 
the invention depends from the other mode or modes, where 
appropriate, for easier understanding of technical features 
disclosed in the present application, and possible combinations of 
those features. However, it is to be understood that the present 
invention is not limited to those technical features or 
combinations thereof, and that any one of a plurality of technical 
features described below with respect to any one mode of the 
invention may be a subject of the present invention, without the 
other technical feature or features being combined with that one 
feature. 

[0015] It is noted that the following mode (l) is equivalent 

to claim 1, while the following mode (4) is equivalent to claim 7. 
[0016] (l) A method of operating a gas vane pump 
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including (a) a housing, (b) a rotor rotatably disposed within 
the housing and cooperating with the housing to define a 
pump chamber having a dimension in a radial direction of 
the rotor, which dimension varies in a rotating direction of 
the rotor, (c) at least one vane held by the rotor movably 
relative to the rotor and dividing the pump chamber into a 
plurality of variable -volume chambers, and (d) a lubricant 
supply passage formed through the housing and the rotor, 
the lubricant supply passage being closed when the rotor is 
placed at an angular position relative to the housing, which 
angular position is outside a predetermined angular range, 
and opened for communication with an external lubricant 
supply source when the rotor is placed at an angular 
position within the predetermined angular range, the 
method being characterized in that the vane pump is 
operated so as to satisfy a condition that when the rotor is 
stopped at an angular position relative to the housing, which 
angular position is within the predetermined angular range, 
a mass of a lubricant remaining in a lowest portion of the 
pump chamber is divided into a first portion and a second 
portion by an initial divider vane which is provided by one of 
the plurality of vanes. 

[0017] (2) A method according to the above mode (l), 

characterized in that a ratio of a volume of the first portion 
to a volume of the second portion is within a range between 
4 : 1 and 1 : 4. 

[0018] The ratio indicated above is preferably between 
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3 ♦ 1 and 1 3, more preferably between 2 • 1 and 1 '2, and 
most preferably between 1.5 • 1 and 1 " 1.5. 
[0019] (3) A method according to the above mode (l) or 
(2), characterized in that the gas vane pump is operable as a 
vacuum pump. 

[0020] (4) A gas vane pump comprising: (a) a housing, 

(b) a rotor rotatably disposed within the housing and 
cooperating with the housing to define a pump chamber 
having a dimension in a radial direction of the rotor, which 
dimension varies in a rotating direction of the rotor, (c) at 
least one vane held by the rotor movably relative to the rotor 
and dividing the pump chamber into a plurality of 
variable -volume chambers, and (d) a lubricant supply 
passage formed through the housing and the rotor, the 
lubricant supply passage being closed when the rotor is 
placed at an angular position relative to the housing, which 
angular position is outside a predetermined angular range, 
and opened for communication with an external lubricant 
supply source when the rotor is placed at an angular 
position within the predetermined angular range, the gas 
vane pump being characterized in that a relative position 
between the lubricant supply passage in an open state 
thereof and an initial divider vane which is one of the 
plurality of vanes is determined such that a point of contact 
of the initial divider vane with an inner circumferential 
surface of the housing when the rotor is stopped at an 
angular position relative to the housing, which angular 
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position is in the middle of the predetermined angular range, 
is located at a lowest point of the pump chamber or at a 
position adjacent to this lowest point. 

[0021] (5) A gas vane pump according to the above mode 

(4), characterized in that the position adjacent to the lowest 
point of the pump chamber is located within a center angle 
range of 30° with respect to a center of gravity of an interior 
space of the housing in cross section in a plane perpendicular 
to an axis of rotation of the rotor, the lowest point being 
located in the middle of the center angle range. 
[0022] The center angle range is preferably 20° (±10°), 

more preferably 10° (±5°), and most preferably 6° (±3°), for 
example. 

[0023] (6) A gas vane pump according to the above mode 

(4), characterized in that the position adjacent to the lowest 
point of the pump chamber is located within a predetermined 
center angle range with respect to a center of gravity of an 
interior space of the housing in cross section in a plane 
perpendicular to an axis of rotation of the rotor, said 
predetermined center angle range being no more than four 
times as large as the predetermined angular range of the 
rotor, the lowest point being located in the middle of the 
center angle range. 

[0024] The center angle range is preferably no more than 

two times as large as the predetermined angular range of the 
rotor, and more preferably no more than the predetermined 
angular range of the rotor. Generally, the amount of the 
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lubricant introduced into the housing increases with an increase 
in the cross sectional area of flow of the lubricant at a portion of 
the lubricant supply passage at which the lubricant supply 
passage is open to the pump chamber when the rotor is stopped. 
Usually, the predetermined angular range of the angular position 
of the rotor in which the lubricant supply passage is open 
increases with an increase in the maximum cross sectional area 
of flow of the lubricant at the above-indicated portion of the 
lubricant supply passage. Accordingly, the amount of the 
lubricant introduced into the housing increases with an increase 
in the predetermined angular range of the rotor. Where the 
amount of the lubricant introduced into the housing is relatively 
large, the lubricant mass in the housing is divided by the initial 
divider vane into two portions even if "the position adjacent to 
the lowest point" is selected within a relatively large center angle 
range with respect to the center line of the housing. For this 
reason, it is reasonable to determine the center angle range of 
"the position adjacent to the lowest point", on the basis of the 
predetermined angular range in which the lubricant supply 
passage is open. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Fig. 1 is a front elevational view showing a vane 

pump constructed according to one embodiment of the present 
invention, in one operating state of the vane pump with its 
covering portion being removed; 

Fig. 2 is a side elevational view in axial cross section 
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of the vane pump of Fig. II 

Fig. 3 is a front elevational view showing the vane 
pump of Fig. 1 in another operating state with its covering 
portion being removed; and 

Fig. 4 is a front elevational view showing the vane 
pump of Fig. 1 in a still another operating state with its covering 
portion being removed. 

BEST MODE FOR CARRYING OUT THE IISWENTION 
[0026] Referring to the accompanying drawings, there will 

be described one embodiment of this invention. However, it is to 
be understood that the present invention may be embodied, with 
various changes and modifications which may occur to those 
skilled in the art, as described above with respect to the 
preferred forms of the invention. 

[0027] A gas vane pump constructed according to one 

embodiment of this invention is shown in Fig. 1 through Fig. 4. 
This vane pump is used as a vacuum pump for a brake booster 
arranged for use on a motor vehicle. The vane pump has a 
housing 10, which includes a main body portion 12 having 
opposite open and closed axial ends, and a covering portion 14 
which closes the open axial end of the main body portion 12. 
The main body portion 12 includes a circumferential wall portion 
18, an end wall portion 20 and a bearing portion 22, which are 
formed integrally with each other in the present embodiment of 
the vane pump. The end wall portion 20 constitutes the 
above-indicated closed axial end of the main body portion 12 



1 



16 



opposite to the open end closed by the covering portion 14. The 
bearing portion 22 extends from the end wall portion 20 in an 
axial direction away from the circumferential wall portion 18. 
The housing 10 is fixed to an engine casing 26, as shown in Fig. 2. 
The engine casing 26 includes a wall portion having a fitting hole 
28 in which the bearing portion 22 can be fitted. The housing 10 
is fixed to the engine casing 26, with the bearing portion 22 fitted 
in the fitting hole 28 such that an end face of the engine casing 
26 in which the fitting hole 28 is open is held in abutting contact 
with an annular outer end face of the end wall portion 20. With 
the main body portion 12 being thus positioned relative to the 
engine casing 26, the housing 10 is fixed to the engine casing 26, 
with screws or any other suitable fastening means. The main 
body portion 12 has an accommodating space 30 for 
accommodating a vane and a rotor (which will be described), and 
a shaft hole 36 formed so as to extend in its axial direction and 
open in an inner end face 32 of the end wall portion 20, which 
defines one axial end of the accommodating space 30. The shaft 
hole 36 has a diameter smaller than that of the accommodating 
space 30. The shaft hole 36 has a circular shape in transverse 
cross section of the main body portion 12, and is eccentric with 
respect to the accommodating space 30. In the present 
application, the inner circumferential surface of the 
accommodating space 30 may be referred to as "an inner 
circumferential surface of the housing 10" or "an inner 
circumferential surface of pump chamber or chambers". 
[0028] Within the housing 10, there is rotatably 
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accommodated a rotor 40. In the present vane pump, the rotor 
40 has an axis of rotation which extends in the horizontal 
direction and which is eccentric with respect to the 
circumferential wall portion 18. In the present embodiment, the 
rotor 40 is held in substantial point contact at its outer 
circumferential surface with the inner circumferential surface of 
the circumferential wall portion 18 of the main body portion 12 of 
the housing 10. Namely, the outer circumferential surface of the 
rotor 40 is inscribed with respect to the inner circumferential 
surface of the circumferential wall portion 18. Further, the rotor 
40 is held in contact or close proximity at its opposite end faces 
with the inner surface of the covering portion 14 and the inner 
end surface 32 of the end wall portion 20 (which defines the axial 
end of the accommodating space 30 remote from the covering 
portion 14). In this arrangement, the housing 10 (main body 
portion 12 and covering portion 14) and the rotor 40 cooperate 
with each other to define a pump chamber 42 whose dimension in 
the radial direction of the rotor 40 varies in the circumferential 
direction of the circumferential wall portion 18, that is, in the 
rotating direction of the rotor 40. The rotor 40 includes a shaft 
portion 46, which is rotatably fitted in and axially extends 
through the shaft hole 36, for mechanical coupling with a drive 
source (which will be described). The shaft portion 36 may be 
initially manufactured as a member separate from a main body 
portion of the rotor 40 and subsequently welded (friction-welded), 
brazed or otherwise fixed to the main body portion, or may 
alternatively be formed integrally with the main body portion. 
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In either of these cases, the shaft portion 46 functions as a part of 
the rotor 40. The shaft portion 46 is connected, at its axial end 
portion remote from the main body portion of the rotor 40, to one 
end portion of a cam shaft 50 of an engine of the motor vehicle, 
through a rotation- transmitting device in the form of a coupling 
52. The cam shaft 40 functions as a rotor drive shaft operable to 
rotate the rotor 40. The coupling 52 mechanically connects the 
cam shaft 50 and the shaft portion 46 to each other, so as to 
permit a relatively small distance of relative axial movement 
therebetween. 

[0029] The rotor 40 has a vane slot 60 formed therethrough 

in one diametric direction, so as to pass its center (axis of 
rotation). A vane 70 is held by the rotor 40 such that the vane 
70 is movable in its longitudinal direction, in sliding contact with 
the opposite inner surfaces of the vane slot 60. The inner 
surface of the covering portion 14 and the bottom surface of the 
vane slot 60 formed in the rotor 40 substantially prevent a 
movement of the vane 70 relative to the rotor 40 in the axial 
direction of the rotor 40. The dimension of the vane 70 in its 
longitudinal direction (in the diametric direction of the rotor 40) 
is larger than the dimension of the vane slot 60 in the diametric 
direction of the rotor 40, so that opposite longitudinal end 
portions 72, 74 of the vane 70 can protrude from the outer 
circumferential surface of the main body portion of the rotor 40 
such that those end portions 72, 74 are held in contact or close 
proximity with the inner circumferential surface of the 
circumferential wall portion 18 of the housing 10. In this 
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respect, the single vane 70 may be considered to consist of two 
vane portions that are formed integrally with each other. The 
vane 70 and the rotor 40 divides the above -indicated pump 
chamber 42 within the housing 10, into a plurality of 
variable -volume chambers 80. Namely, the housing 10, rotor 40 
and vane 70 define three variable -volume chambers 80 in almost 
all angular phases of the vane pump, as indicated in Figs. 1 and 
4, and two variable -volume chambers 80 in only one angular 
phase of the vane pump, that is, at an angular position of the 
rotor 40 relative to the circumferential wall portion 18, which 
angular position is within a predetermined angular range, as 
indicated in Fig. 3. 

[0030] As shown in Figs. 1, 3 and 4, the variable-volume 

chambers 80 include a suction chamber 80a in which a suction 
passage formed through a suction tube 90 integrally formed with 
the housing 10 is open at its inner end serving as a suction 
portion 92. The suction passage of the suction tube 90 is held in 
communication with the vacuum booster or a vacuum tank (not 
shown). As shown in Fig. 1, the suction chamber 80a takes one 
of three different forms. In the first form, the opposite ends of 
the suction chamber 80a as seen in the circumferential direction 
of the body portion 12 of the housing 10 are defined by the 
opposite end portions 72, 74 of the vane 70, as shown in Fig. 1. 
In the second form, one of the opposite ends of the suction 
chamber 80a is defined by the point of contact of the rotor 40 
with the inner circumferential surface of the rotor 40, while the 
other end of the suction chamber 80a is defined by the end 
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portion 72 of the vane 70, as shown in Fig. 4. In the third form, 
one of the opposite ends of the suction chamber 80a is defined by 
both the end portion 72 of the vane 70 and the point of contact of 
the rotor 40 with the inner circumferential surface of the 
circumferential wall portion 18, while the other end of the 
suction chamber 80a is defined by the other end portion 74 of the 
vane 70, as shown in Fig. 3. In the first and second forms, the 
pump chamber 42 is divided into the three pump chambers 80a, 
80b and 80c (80d) including the suction chamber 80a. In the 
third form, the pump chamber 42 is divided into the two pump 
chambers 80a, 80b including the suction chamber 80a. The 
pump chamber 42 further include a discharge chamber 80b in 
which a discharge port 96 of a discharge passage is open. 
[0031] The internal volume of each of the variable -volume 

chambers 80 varies as the vane 70 is rotated with the rotor 40, so 
that a gas is sucked into the suction chamber 80a while the gas is 
discharged from the discharge chamber 80b. Described in detail, 
the cam shaft 50 is rotated to rotate the rotor 40, for rotating the 
vane 70 within the pump chamber 42 such that the opposite end 
portions 72, 74 of the vane 70 are held in sliding contact with the 
inner circumferential surface of the circumferential wall portion 
18 of the housing 10. As a result, the volume of the suction 
chamber 80 is gradually increased, and the pressure within this 
suction chamber 80a is gradually lowered, that is, the suction 
chamber 80a is evacuated, with the gas (usually, air) being 
sucked into the suction chamber 80 through the suction port 92, 
so that a negative -pressure chamber of the vacuum booster 
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communicating with the suction port 92 or the vacuum tank 
communicating with the negative-pressure chamber is evacuated. 
In the meantime, the internal volume of the discharge chamber 
80b is gradually decreased, so that the gas is discharged out of 
the housing 10, through the discharge port 96 communicating 
with the discharge chamber 80b. 

[0032] The present vane pump is a kind of gas vane pump 

of an intermittent lubrication type wherein a lubricant is 
intermittently introduced into the housing 10 during rotation of 
the rotor 40. Namely, the present vane pump has a lubricant 
supply passage 100 formed through the housing 10 and the rotor 
40, so that the lubricant is intermittently supplied from the 
engine of the motor vehicle into the pump chamber 42 through 
the lubricant supply passage 100, for lubricating the inner 
surfaces of the housing 10, and the rotor 40 and the vane 70. As 
shown in Fig. 2, the cam shaft 50 has a center hole 102 formed 
through its radially central part so as to extend in its axial 
direction and to be open in its end face on the side of the rotor 40. 
On the other hand, the shaft portion 46 of the rotor 40 has an 
axial hole 110 formed through its radially central part so as to 
extend in its axial direction and to be open in its distal end face 
on the side of the cam shaft 50. The shaft portion 46 further has 
a diametric hole 112 communicating with one axial end portion of 
the axial hole 110, which is remote from the above-indicated 
distal end face. The diametric hole 112 is formed in one 
diametric direction of the shaft portion 46 such that the 
diametric hole 112 is open in the circumferential surface of the 
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shaft portion 46, at its two diametrically opposite circumferential 
positions. This diametric hole 112 may be considered to be two 
radial holes formed along one straight line. The center hole 102 
of the cam shaft 50 and the axial hole 110 of the shaft portion 46 
are held in communication with each other through a 
communication tube 116 having an inner passage. Two sealing 
members 118 are disposed between the respective opposite end 
portions of the outer circumferential surface of the 
communication tube 116 and the corresponding end portions of 
the center hole 102 and the axial hole 110. The sealing 
members 118 prevent leakage of the lubricant from the 
connections between the communication tube 116 and the holes 
102, 110. The diametric direction of the shaft portion 46 in 
which the diametric hole 112 extends is parallel to the diametric 
direction in which the vane slot 60 extends. The shaft portion 46 
further has a diametric passage 120 formed in a diametric 
direction parallel to the diametric direction in which the vane 
slot 60 extends through the rotor 40. The diametric passage 120 
is defined by a groove which is formed in parallel and in 
communication with the vane slot 60 and which has a smaller 
width dimension than the vane slot 60 as seen in the direction of 
thickness of the vane 70. The groove indicated above is closed 
by one of the opposite side faces of the vane 70 which is on the 
side of the shaft portion 46, whereby the diametric passage 120 is 
formed. The diametric passage 120 may be replaced by one 
radial passage which is open in the circumferential surface of the 
shaft portion 46, at only one circumferential position thereof 



23 



[0033] The main body portion 12 of the housing 10 has a 

communication groove 130 formed in the inner circumferential 
surface defining the shaft hole 36. This communication groove 
130 is open at one of its opposite ends to the accommodating 
space 30 (namely, open in the inner end face 32 of the end wall 
portion 20), but is not open in the outer end face of the bearing 
portion 22. The communication groove 130 has a length in the 
axial direction of the shaft portion 46 of the rotor 40, which is 
larger than a length of the proximal end portion of the shaft 
portion 46 in which the diametric hole 112 and the diametric 
passage 120 are formed. When the rotor 40 is placed within the 
predetermined range of angular position relative to the 
circumferential wall portion 18 of the housing 10, as described 
below in detail, the communication groove 130 is communicated 
with one of opposite ends of the diametric hole 112 and one of 
opposite ends of the diametric passage 120. The main body 
portion 12 further has a ventilation groove 134 formed in the 
inner circumferential surface defining the shaft hole 36, at a 
circumferential position diametrically opposite to the 
circumferential position of the communication groove 130. This 
ventilation groove 134 is open at one of its opposite ends in the 
outer end face of the bearing portion 22 (namely, open to the 
atmosphere), but is not open to the accommodating space 30. 
The ventilation groove 134 has a length determined such that 
when the rotor 40 is placed at an angular position within the 
predetermined angular range relative to the circumferential wall 
portion 18 of the housing 10, the ventilation groove 134 is 
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communicated with the other end of the diametric hole 112 but is 
not communicated with the other end of the diametric passage 
120. Within the predetermined range of angular position of the 
rotor 40 relative to the circumferential wall portion 18 of the 
housing 10, the diametric hole 112 is held in communication at 
its one end (at its upper end as seen in Fig. 2) with the 
communication groove 130, while the diametric passage 120 is 
also held in communication at its one end (at its upper end) with 
the communication groove 130. In the present embodiment, the 
lubricant supply passage 100 indicated above is defined by the 
passage formed through the communication tube 116, the axial 
hole 110, the diametric hole 112, the diametric passage 120 and 
the communication groove 130. When the rotor 40 is placed at 
an angular position outside the predetermined angular range 
indicated above, as indicated in Figs. 3 and 4 by way of example, 
the lubricant supply passage 100 is closed. When the rotor 40 is 
within the predetermined range of angular position indicated in 
Fig. 1, on the other hand, the lubricant supply passage 100 is 
open, so that the interior of the housing 10 is lubricated with the 
lubricant supplied from a lubricant supply source provided in the 
engine. In this open state of the lubricant supply passage 100, 
the pressurized lubricant delivered from the engine is fed 
through the lubricant supply passage 100 to the rotor 40 and the 
vane 70, in particular, the surfaces of sliding contact between the 
vane 70 and the vane slot 60 of the rotor 40, and the surfaces of 
sliding contact between the vane 70 and the housing 10. It is 
noted that the center hole 102 may be considered to be a part of 
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the lubricant supply passage 100. When the rotor 40 is placed 
at an angular position within the predetermined angular range 
relative to the circumferential wall portion 18, the diametric hole 
112 is communicated at its other end with the ventilation groove 
134. However, the rate of flow of the lubricant from the 
ventilation groove 134 back to the engine is comparatively low 
since the depth of the ventilation groove 134 is considerably 
smaller than the depth of the communication passage 130. 
[0034] The intermittent supply of the lubricant from the 

engine to the interior of the housing 100 during rotation of the 
rotor 40 is terminated when the engine and the present vane 
pump are turned off or stopped. If the rotor 40 is stopped such 
that its angular position is within the predetermined angular 
range indicated above, the lubricant is introduced into the pump 
chamber 42 through the lubricant supply passage 100 placed in 
its open state, owing to a negative or reduced pressure within the 
pump chamber 42. In this case, a certain amount of the 
lubricant is accommodated in the lower part of the pump 
chamber 42. Since the ventilation groove 134 is held in 
communication with the lubricant supply passage 100, air is also 
drawn into the pump chamber 42, so that the amount of 
introduction of the lubricant into the pump chamber 42 is 
reduced by an amount of drawing of the air into the pump 
chamber 42 through the ventilation groove 134. The amount of 
introduction of the lubricant into the pump chamber 42 can be 
adjusted by adjusting the ratio of the cross sectional areas of flow 
of the lubricant of the lubricant supply passage 100 and the 
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ventilation groove 134. 

[0035] The relative position in the rotating direction of the 

rotor 40 between the rotor 40 having the diametric hole 112 and 
the diametric passage 120 and the vane 70, and the relative 
position in the rotating direction of the rotor 40 between the rotor 
40 and the housing 10 having the communication groove 130 are 
determined as described above. Namely, those relative positions 
are determined such that when the rotor 40 is placed in the 
middle of the predetermined range of angular position relative to 
the circumferential wall portion 18, as shown in Fig. 1, the point 
of contact of the end portion 74 of the vane 70 with the inner 
circumferential surface of the circumferential wall portion 18 is 
located at the lowest position of that inner circumferential 
surface, that is, at the lowest point of the pump chamber 42. In 
the relative angular position of the rotor 40 of Fig. 1, therefore, a 
mass of the lubricant remaining in the lowest portion of the 
interior space of the housing 10 (in the lowest portion of the 
pump chamber 42) is divided by the end portion 74 of the vane 70 
into two substantially equal portions. When the rotor 40 is 
stopped such that the angular position of the rotor 40 relative to 
the housing 10 is within the predetermined angular range, the 
mass of the lubricant remaining in the lowest portion of the 
interior space of the housing 10 is divided by the end portion 74 
into a first portion and a second portion. In the present 
embodiment, one of two sections of the vane 70 which includes 
the end portion 74 functions as an initial divider vane, which 
divides a mass of the lubricant remaining in the lowest portion of 
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the pump chamber 42 into a first portion and a second portion, 
when the rotor 40 is stopped at an angular position relative to 
the housing 10, which is within a predetermined range. When 
the operation of the present vane pump is resumed while the 
lubricant mass in the housing 10 is divided into the first and 
second portions, the first portion of the lubricant mass on the 
upstream or leading side of the initial divider vane (including the 
end portion 74) as seen in the rotating direction of the rotor 40 is 
discharged through the discharge port 96, by the initial divider 
vane. Subsequently, the second portion of the lubricant mass on 
the downstream or trailing side of the initial divider vane is 
discharged through the discharge port 96, by a subsequent vane 
which is the other of the above -indicated two sections of the vane 
70, which includes the other end portion 72. 

[0036] When the rotor 40 is stopped at an angular position 

within the predetermined range in which the lubricant supply 
passage 100 is open, the lubricant is introduced into the housing 
10 owing to the negative pressure within the housing 10, and the 
mass of the introduced lubricant is divided by the vane 70 into 
the two portions. Therefore, when the rotation of the rotor 40 is 
resumed, the two portions of the lubricant mass are discharged 
at respective two different times one after the other, so that the 
vane 70 is protected from an excessive load due to the lubricant 
mass remaining within the housing 10 upon subsequent starting 
of the vane pump. Accordingly, the operating noise of the vane 
pump is reduced, and the durability of the vane pump is 
improved. Yet, the present vane pump does not require a 
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lubricant metering device, and is accordingly available at a 
comparatively low cost. When the rotor 40 is stopped at an 
angular position outside the predetermined range, the lubricant 
mass in the lowest portion of the pump chamber 42 is not divided 
by the initial divider vane. In this case, however, the lubricant 
supply passage 100 is closed, so that the amount of introduction 
of the lubricant into the housing 10 is small, making it possible to 
restart the vane pump without an excessive load acting on the 
vane 70. 

[0037] In the illustrated embodiment which has been 
described, the rotary motion of the cam shaft 50 is transmitted to 
the rotor 40 through the coupling 52. However, the coupling 52 
may be replaced by gears, a belt, or any other suitable rotation 
transmitting means. Although the vane pump according to the 
illustrated embodiment is arranged such that the lubricant is 
initially supplied to the shaft portion 46 of the rotor 40, the vane 
pump may be modified such that the lubricant is initially 
supplied to the housing 10, and is then intermittently supplied to 
the rotor 40. 

[0038] While the vane pump according to the illustrated 

embodiment uses only one vane 70 slidably movably supported 
by the rotor 40, the principle of the present invention is equally 
applicable to vane pumps of various other types, such as a vane 
pump of a type in which two vanes are slidably movably held by a 
single vane slot formed in the rotor, as disclosed in JP-3-115792A, 
and a vane pump of a type in which a plurality of vanes (e.g., 
three vanes) are slidably movably held by respective vane slots 



formed in the rotor. 



